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Abstract 
Polycentric governance and stakeholder participation in natural resource management have 
potential benefits for both human and environmental well-being. Researchers and decision-makers 
have attempted to conceptualise the ecological, social and political potential of such semi-formal 
approaches to urban green space management. However, few studies have quantified the actual 
benefits in terms of biodiversity and associated ecosystem service provision, or the factors that 
mediate levels of participation. 
 
The links between biodiversity potential, site access and user participation were explored in a case 
study comprising ten established examples of organised social-ecological initiatives in the inner-city 
area of Greater Manchester. At the micro-scale, the case study quantified the levels of community 
involvement (measured in volunteer hours month¯¹) in local green commons and the biodiversity 
potential (assessed using floristic and structural diversity as a surrogate) of the ten sites. Descriptive 
analysis identified that site spatial and design characteristics affected all three measures and 
subsequent correlational analyses revealed a high degree of synergy between site use and 
biodiversity. 
 
The study thereby provides quantitative evidence of the synergistic relationship between green 
space use and urban biodiversity and, importantly, the positive feedbacks which should result 
between volunteer input and the local generation of ecosystem services. The study provides support 
for the promotion of a highly decentralised, stakeholder-led stewardship of green space as a valid 
consideration in the management of urban ecosystem services. 
 
Introduction 
Biodiversity loss can have highly detrimental consequences for human well-being (MEA, 2005; 
Haines-Young and Potschin, 2013). The rise and promotion of stakeholder-led environmental 
stewardship has produced many examples of a decentralised approach as an adaptive response to 
environmental degradation (Gunderson and Holling, 2002; Krasny and Tidball, 2012). The urban 
environment in particular, as home to most of the world’s inhabitants (United Nations, 2007) and the 
centre of rapidly occurring land-use change associated with biodiversity loss (Marzluff, 2008; 
McKinney, 2008) presents opportunities for studying the relationship between citizen involvement in 
natural resource management and levels of local biodiversity. Although such involvement is 
recommended through policy (CBD, 2001; MEA, 2005) and research (Ernstson et al., 2008; 2010) 
alike, without empirical evidence of the positive link between user participation in natural resource 
management and local biodiversity, the benefits of stakeholder involvement have remained largely 
unconfirmed (Krasny et al., 2014; Fors et al., 2015). This study explored the links between user 
participation in community-run urban green spaces and their floristic and structural diversity, and as 
a result highlights the influence of access and design as a mediating factor in this relationship. 
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Biodiversity and human well-being     
The Ecosystem Approach set out by the Convention on Biological Diversity (CBD, 2001) emphasised 
the importance of global biodiversity for human well-being. The Millennium Ecosystem Assessment 
(MEA, 2005) developed this link further with a focus on Principle 5 of the Ecosystem Approach, i.e. 
the salience of ecosystem services. The latter concept encompasses the benefits arising from 
ecosystem functions and processes across spatial and temporal scales which contribute to human 
well-being and quality of life (MEA, 2005). The Millennium Ecosystem Assessment classifies 
ecosystem services into four categories: (1) provisioning services, providing direct concrete goods 
such as wood or food; (2) regulating services, for example, flood prevention, climate control, or 
water quality; (3) cultural services, the less tangible recreational, educational, or spiritual benefits; 
and (4) supporting services in the form of primary production, nutrient cycling, and soil formation. 
Other versions of the framework have offered alternative classification such as those used in The 
Economics of Ecosystems and Biodiversity (TEEB, 2008), the Common International Classification of 
Ecosystem Services (see Haines-Young and Potschin, 2013).  
 
In all of the various systems of classification, the key tenet of biodiversity as the foundation of all 
ecosystem services, being the basis of life on Earth, is asserted. This global view of social-ecological 
well-being has been supported by findings in the scientific literature which identify the importance of 
biodiversity across various scales, habitats and taxonomic groups for ecosystem service production 
(e.g. von Shirnding, 2002; Burls and Khan, 2005; Worm et al., 2006; Costanza et al., 2007; Pudup, 
2008; Niemelä et al., 2010; Mace et al., 2012; Wall and Nielsen, 2012; Haines-Young and Potschin, 
2013). 
 
Both the Ecosystem Approach and the Ecosystem Services Framework acknowledge the role of 
societal choices and action in the preservation of healthy ecosystems and conservation of the 
biodiversity which supports them. Principle 2 of the Ecosystem Approach requires that management 
of ecosystems is always decentralised to the lowest appropriate level (CBD, 2004) and the MEA 
likewise insists on an integrated approach to ecosystem management which promotes stakeholder 
involvement in decisions relating to environmental management (MEA, 2005).  
 
This concern that human well-being should be related to the integrity of global ecosystems is 
accompanied by an acknowledgement of the rise of anthropogenic influences on the natural 
environment which have led to greater changes in ecosystem function during the second half of the 
twentieth century than any other period in history (MEA, 2005). Such a shift has been associated 
with unprecedented levels of biological diversity loss (Foley et al., 2005), primarily due to patterns of 
land-use change associated with a dramatically rising global population (Satterthwaite, 2009; Falloon 
and Betts, 2010). Such population increase has driven a surge in land-use change through the process 
of urbanisation, with the majority of the world’s population now dwelling in towns and cities (United 
Nations, 2007). 
 
Urbanisation: implications for biodiversity and human well-being 
Urbanisation is a key driver of land-use change associated with the appropriation of disproportionate 
levels of ecological resources (Folke et al., 1997). Habitat loss due to urbanisation can result in high 
extinction rates for native species (Kowarik, 1995; Marzluff, 2008), with lasting consequences not 
generally witnessed for other land-use change scenarios (Stein et al., 2000). Urban areas generally 
contain poorer species richness and diversity across all taxonomic groups (Kuhn and Klotz, 2006; 
McKinney, 2008; Aronson et al., 2014) with increasing population density associated with local 
extinction of plant species (Thompson and Jones, 1999). Moreover, the process of urbanisation can 
often be catastrophic for species assemblages, with the resulting land-use types suiting non-native, 
generalist species (DeCandido et al., 2004; McKinney, 2006; Pauchard and Shea, 2006). Biodiversity 
loss occurs at the local, regional and global scales directly and indirectly due to human-induced urban 
sprawl (Grimm et al., 2008). 
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Such consequences also have a direct impact on the inhabitants of urban areas. The social, 
environmental, and health-related stresses associated with urban living can be summarised as: 
 
1. Social: lack of safe, accessible communal and recreational spaces; high crime rates; and increased 
deprivation. 
2. Health-related: increased levels of pollution; poor diet; stress; heightened anxiety; little access to 
outdoor activities; and lack of natural, open spaces. 
3. Environmental: loss of biodiversity; land contamination; flood risk; high ecological footprint; 
climate change; and food security (CABE, 2010; Coutts, 2010). 
 
These factors are all interrelated, and so aligned are human and environmental states of health in 
the urban setting that they are being increasingly viewed as synergistic, reciprocal phenomena (MEA, 
2005; WHO, 2005; Coutts, 2011). 
 
The benefits to urban dwellers arising from the presence of green infrastructure are significant and 
varied. Studies have shown key gains, through indicators of physical health, mental well-being and 
longevity, for residents living in proximity to quality urban green space (Kaplan, 1995; Jackson, 2003; 
Maas et al., 2006; Maller et al., 2006; Gidlӧf-Gunnarsson and Ӧhrstrӧm, 2007) as well as for those 
who seek interaction with nature in urban settings (Pretty et al., 2005; 2007 Bird, 2007; Tzoulas et al., 
2007; Marselle et al., 2014; Carrus et al., 2015). Socio-economic factors have been highlighted as 
factors which mediate the strength of the relationship between green space and health (de Vries et 
al., 2003; Mitchell and Popham, 2007) but, for all sectors of the urban demography, the association 
between biodiverse green space and human health is consistently demonstrated as a positive one 
(Tzoulas et al., 2007; Hartig et al., 2014). Further, research has demonstrated that interaction with 
green spaces can be, as well a general boon to well-being (Maas et al., 2009; Barton and Pretty, 
2010; Coon et al., 2011; Ward Thompson et al., 2014) restorative with respect to specific health 
conditions. Faber Taylor et al. (2011) found that nature exposure had a positive effect on the 
reduction of symptoms in children suffering from attention deficit disorder, giving support to 
Kaplan’s (1995) Attention Restoration Theory. Similarly, outdoor green spaces have been shown to 
offer stress and pain relief to users (Hansmann et al., 2007) and in Australia research has been 
undertaken which puts forward woodland management as an effective remedy for depression 
(Townsend, 2006).  Increasingly biodiverse spaces in urban areas have been associated with higher 
measures of subjective well-being (Carrus et al., 2015) and floristic biodiversity specifically has been 
identified as contributing in a direct linear fashion to urban psychological well-being (Fuller et al., 
2007). Such findings are further supported by studies into therapeutic landscapes where structural 
and vascular plant diversity demonstrate particular efficacy in comparison with non-biodiverse 
environments (Marcus and Sachs, 2014).  
 
Sense of place has been cited as a key element in fostering community identity and well-being 
(Williams and Stewart, 1998; Davenport and Anderson, 2005; MEA, 2005), and studies have 
demonstrated that naturalistic spaces and healthy urban environments can be instrumental in 
creating a positive sense of place among communities (Stedman, 2003; ODPM, 2004; Kudryavtsev et 
al., 2012; Tidball and Stedman, 2013). 
 
Given the pressures placed on ecosystem functioning by urbanisation, existing green space within 
cities, and the management thereof, have become vitally important for biodiversity conservation 
(Kong et al., 2010; Kowarik, 2011; Barrico et al., 2012; Tscharntke et al., 2012; Rupprecht et al., 2015) 
and the associated production of ecosystem services (Niemelä et al., 2010; Kaczorowska et al., 2015; 
Sandifer et al., 2015; Speak et al., 2015). Although studies of biodiversity have often taken a 
landscape-scale approach (Waldhardt, 2003; Kim and Pauleit, 2005; Tscharntke et al., 2005; 2012; 
Nelson et al., 2009; Chalker-Scott, 2015), the significance of individual, small pockets of green space 
in urban areas for biodiversity is receiving increasing support (Smith et al., 2006; Davies et al., 2009; 
Goddard et al., 2010; Cameron et al., 2012). Domestic gardens in particular have been championed 
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as important biodiverse elements in urban ecosystem management (Thompson et al., 2003; Goddard 
et al., 2010; 2013; Cameron et al., 2012) with allotment and community gardens, among other forms 
of urban agriculture such as green roofs, likewise demonstrating high species richness (Orsini et al., 
2014; Lin et al., 2015; Speak et al., 2015). Furthermore, domestic and communal gardens, although 
limited by size, may by virtue of their biological richness and heterogeneity, contribute to urban 
ecological resilience according to the theory of ecological land-use complementation (Colding, 2007). 
 
Civic ecological management of urban green commons 
Due to the potential for biological diversity from community-managed gardens and green commons, 
combined with the obvious associated gains in achieving a sense of place, individual well-being and 
social cohesion (Krasny and Tidball, 2015), civic ecology in urban areas has become an important 
topic of research. Francis (1987) suggests that community-managed open spaces, although often 
overlooked by land authorities, offer an alternative to municipal urban parks which are attractive to 
certain user groups. Here the author demonstrated that recreation taking place at an urban 
community garden involved greater levels of physical activity than those occurring in a city park. 
Subsequently, studies have shown that community-led horticultural initiatives can serve to alleviate 
the social-environmental stresses of urban living through constructive and innovative use of green 
commons. For example, it has been suggested that such practices help participants in terms of 
improved diet (Alaimo et al., 2008; Kazmierczak et al., 2013); access to food (Metcalf and Widener, 
2011); personal well-being (Hynes and Howe, 2004; Pudup, 2008); and better quality of life factors, 
such as reduced crime (Kuo et al., 1998; 2001), community cohesion (Okvat and Zautra, 2011) and 
sense of place (Krasny and Tidball, 2015). They have also been championed as methods of 
“cultivating” citizenship (Pudup, 2007), adding to and preserving local ecological memory (Barthel et 
al., 2010), as well as contributing to green infrastructure in the urban landscape in line with the UK 
government’s insistence on the importance of green infrastructure in urban landscapes (Defra, 
2011). 
 
The benefits to human well-being to be gained through proximity to, interaction with and physical 
activity in natural environments (De Vries et al., 2003; Kingsley et al., 2009; Defra, 2010a; Coutts, 
2010; 2011; Krasny and Tidball, 2015) have been presented as potentially reciprocal by readers in 
natural resource management theory (Dearborn and Kark, 2010; Barthel et al., 2010; Ernstson et al., 
2008; 2010; Tidball and Stedman, 2013) and decision-makers at a policy level (Defra, 2010b; UK NEA, 
2011). Stakeholder participation has been championed as a key element in environmental 
stewardship which could contribute to the adaptive capacity of social-ecological systems (Gunderson 
and Holling, 2002; Ernstson et al., 2010; Colding and Barthel, 2013). Krasny and Tidball (2012) have 
presented a variety of examples of civic-ecological participation in environmental stewardship which 
demonstrate great potential regarding the adaptive co-management of urban ecosystems. However, 
the same authors have identified a lack of evidence to support the positive claims that such 
community-led initiatives contribute directly to the production of ecosystem services (Krasny et al., 
2014). Without empirical evidence of the positive link between user participation in natural resource 
management and local biodiversity, the benefits of stakeholder involvement have remained largely 
unconfirmed (Krasny et al., 2014; Fors et al., 2015). 
 
Furthermore, much work has been carried out to evaluate the implications for human well-being and 
sense of place due to urban green commons (Bird, 2007; Pudup, 2008; Okvat and Zautra, 2011), 
particularly when under stakeholder stewardship (Wakefield et al., 2007; Okvat and Zautra, 2011; 
Tidball and Stedman, 2013), but the factors which influence levels of user participation in the first 
instance have yet to be clearly determined. Although, the politics and processes of involvement of 
citizen participation in green space management (Fraser et al., 2006; Rosol, 2010) and the variety of 
participatory approaches (Stringer et al., 2006) have been clearly documented, measures of 
continued use of community spaces by stakeholders have not been sufficiently described, nor the 
aspects of design and access which influence such use. A greater understanding of the issues 
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affecting participation in the use and stewardship of urban green commons would inform an attempt 
to harness the social and ecological benefits which may issue from such stakeholder involvement. 
 
Urban-ecological initiatives in North-west England 
The Greater Manchester area has a rich history of civic ecological action stretching back to the dawn 
of the industrial revolution (Ritvo, 2010). In modern times, organisations such as the Manchester 
Environmental Resource Centre initiative (MERCi), the Environment Network for Manchester 
(EN4M), the Hulme Community Garden Centre, the Kindling Trust and Action for Sustainable Living 
(AfSL) have continued this historical precedent, delivering environmental and educational projects 
across the city (Lockwood, 2009 Kindling Trust, 2015; AfSL, n.d.). A network of sites consisting of 
green commons under management by groups of local residents has emerged across the 
conurbation. These offer examples of the kind of user participation in natural resource management 
which may provide benefits to local biodiversity and, thereby, enhance the production of ecosystem 
services. 
 
Such instances of stakeholder-managed urban green commons present a salient opportunity for an 
exploration of the links between levels of use in urban green space and associated biodiversity. 
Moreover, such communally managed sites offer a unique perspective on factors influencing 
participation, given their varied geography and the approaches to site design and access that they 
offer, ranging from free public access in municipal recreational land to gated sites with scheduled 
access to secured private gardens. 
 
While research has demonstrated that user participation and green space and ecology-based 
activities can help redress both the social and health-related stresses of urban living (summarised 
above), there is still little evidence to support the benefits of user participation in alleviating the 
environmental stresses of urbanisation associated with biodiversity loss. Research on the links 
between user-led green space management and biodiversity, as well as on those factors that 
influence levels of participation, is necessary to better understand the role of civic involvement in 
urban ecosystem management and inform effective design and planning of user participation in 
urban green spaces. 
 
Methodology 
In order to explore the links between access, community participation and biodiversity within the 
city, a comparison of ten sites associated with four types of community-led green space management 
(community gardens, community allotments, pocket parks, and community orchards) was 
conducted. 
 
All ten sites, regardless of type, were communally-managed spaces, autonomous in their planning 
and choice of on-site cultural methods. They are described as semi-formal in that they are 
community-led endeavours but with the cooperation of the authorities and land-owners, unlike, for 
example, guerrilla approaches to urban greening (see Hardman and Larkham, 2014). Type 
descriptions are presented in Table 1. 
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Table 1 Case study types and descriptions 
 
Site type Type description  Number of 
examples 
Community gardens Multi-use, amenity green space in residential 
areas. Some emphasis on horticulture, high 
variety of design approaches.  
3 
Community allotments New or pre-existing plots on established 
allotment sites under communal management.  
3 
Community orchards Communal spaces dedicated primarily to 
cultivation of soft or hard fruit. Occurring in areas 
of expansive pre-existing recreational green 
space. 
2 
Pocket parks  Small (< 300m²) sites occurring in areas of very 
high surface sealing. Highly improvised approach 
to ecological intensification (e.g. green 
roofs/façades, raised bed systems). 
2 
 
The location of the ten case study sites within the study area is presented in Figure 1 and Table 2 
presents the essential data on the sites: details of site size, leadership, funding and user base. 
 
 
Figure 1 Location of the case study sites 
Source: Google Earth 7.0. 2015. Manchester, 53°27'00.02"N, 2°15'30.94"W, elevation 36m. [Accessed 
27 August 2015]. Available from: http://www.google.com/earth/index.html 
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Table 2 Key and basic site information 
 
Site access and setting 
Data relating to the accessibility of each site were collected by acquiring information on access 
criteria (public or private), security (i.e. use of perimeter fencing) and opening times (where 
applicable). This information was gathered from site gatekeepers and by direct observation.  
Biodiversity potential 
To achieve quantifiable measures of biodiversity potential provided by sites of communal green 
space, a rapid assessment approach to site evaluation which focuses on vegetation structure was 
employed (Tzoulas and James, 2010). In the assessment, the percentage cover (according to the 
Domin scale of land coverage after Westmacott and Worthington, 1994) of each type of vegetative 
structure, defined using categories developed by Freeman and Buck (2003), is estimated using a 
method adapted from Tandy’s Isovist technique. In the first step of the assessment, a point is given 
for the presence of each vegetative structural layer. A final Domin value is then created by adding or 
subtracting points according to built cover extent as follows:  
-1 point for built layer Domin 6: 26-33% cover; -2 for built layer Domin 7: 34-50%;  -3 for built layer 
Domin 8: 51-75%;  -4 for built layer Domin 9: 76-90%; -5 for built layer Domin 10: 91-100%; +1 point 
for built layer Domin 5: 11-25%; +2 for built layer Domin 4: 4-10%;  +3 for built layer Domin 3: <4% 
with many individuals; +4 for built layer Domin 2: <4% with several individuals; +5 for built layer 
Domin 1: <4% with few individuals. 
The resulting measure is then combined with the number of genera of vascular plants observed (1 
point for every 6 genera) to give a combined score for overall biodiversity. The original method was 
Site Total area 
(m²) 
Presence of a 
primary 
gatekeeper 
Main partners/funders Main users Year 
comm
enced 
CG1   936 No Trafford safer stronger 
communities fund/Trafford 
Partnership 
Adjacent school and local 
residents 
2007 
CG2 1530 Yes City South Housing 
Association 
Local residents and 
external volunteers 
2012 
 
CG3 
  560 No Didsbury Dinners 
community interest 
company 
Local residents 2012 
CA1   950 No Trafford Council, BlueSci 
social enterprise 
Local residents and BlueSci 
service users 
2009 
CA2   780 Yes Adactus Housing 
Association 
Local residents and school 
visits 
2011 
CA3   630 Yes Manchester City Council Local residents and school 
visits 
2009 
CO1 1044 No Didsbury Dinners 
community interest 
company 
Local residents 2011 
CO2 1734 Yes Manchester City 
Council/Friends of Birch 
Fields Park 
Local residents and Friends 
of Birch Fields 
2007 
PP1   215 Yes Manchester City 
Council/Adactus Housing 
Association 
Local residents 2011 
PP2   217 Yes Self-funded not-for-profit Community payback, 
schools, local residents and 
social prescribing 
2012 
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modified in order that it could be better applied to the case study sites. The method was piloted on 
areas considerably larger than those sites selected for this research and, for practical purposes, 
circular sampling points consisting of a minimum of 10% of the total site area were established and 
surveyed. As all ten sites selected in this work were less than 2000 m2 (see Table 2), it was possible 
for the sites to be sampled in their entirety by using the original visual estimate technique to record 
vegetative structure from a single vantage point and by subsequently employing line transects to 
identify and record vascular plant species. 
Levels of community participation 
An evaluation of site-specific levels of community participation was enabled through measures 
adopted from Natural England (2014) protocols for indicators of social benefits arising from Nature 
Improvement Areas. These protocols were prepared for the Nature Improvement Area scheme and 
are listed under the indicator sub-theme: social impacts and well-being (Natural England, 2014). 
 
From these protocols, the level of community participation taking place at the case-study sites as 
volunteer hours monthˉ¹ was adopted as a measure of local user participation. Evidence of 
voluntarism was gathered from gatekeepers of case-study sites responsible for volunteer co-
ordination and with information on levels of site access and use. Information on volunteer hours per 
month during the growing season (March to October) (DECC, 2013) was gathered as a measure of 
community involvement. Volunteer hours relating specifically to physical activities, such as 
gardening, were recorded over a period spanning March 2013 to December 2013; data relating to 
administrative activities were not a focus of this research and therefore were not included in the 
analysis.  
 
Variation in volunteer hours was explored through observation of site location, security and access. 
The association between volunteer input and floristic biodiversity was used as a basis of evaluation, 
as the latter has been demonstrated to be an effective tool in assessments of urban biodiversity 
(Tzoulas and James, 2010) and in identifying positive links between biodiversity and ecosystem 
services in both non-urban (Costanza et al., 2007; De Bello et al., 2010) and urban (Tratalos et al., 
2007; Kong et al., 2010; Niemelä et al., 2010) environments. Moreover, floristic biodiversity in urban 
areas has been linked directly to human well-being (Fuller et al., 2007; Carrus et al., 2015) and 
posited as an ecosystem service in its own right (UK NEA, 2011). This approach therefore provided a 
sound basis for the identification of biodiversity potential associated with user participation as well 
as informing a discussion on the implications for the wider production of ecosystem services. 
 
Results 
Case study site descriptions: initial surveys 
Information on the site management and the design for each of the chosen case-studies was 
gathered through initial site visits and surveys undertaken to establish the site layout. Although 
general similarities across the sites were found, cases differed according to their typology. 
Figures 2a to Figure 2d present representative images of each site type 
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a)       b) 
    
 
c)       d) 
 
    
 
Figure 2 Site types: (a) community garden; (b) community allotment; (c) community orchard; (d) 
pocket park 
 
Biodiversity potential 
A biodiversity measure obtained using the rapid assessment approach of Tzoulas and James (2010) 
provided a surrogate score to evaluate site contribution to biodiversity potential. Data for the 
original site assessments are shown in Table 3. 
 
Table 3 Biodiversity assessment data 
 
Site 
 
Final Domin 
value 
Genera vascular 
plants 
Biodiversity score 
CG1   6   84 20 
CG2   7 107 25 
CG3   8   52 16 
CA1   8 110 27 
CA2   8   90 24 
CA3   7   96 23 
CO1 11   34 17 
CO2   9   68 21 
PP1   3   60 13 
PP2   5   55 15 
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Biodiversity scores varied from 13 at the lowest to a highest score of 27. The low variance and high 
modality of the data were of note, considering that the method employed by the rapid assessment 
did not take site area into account and no effort was made to normalise for the considerable 
differences in site area during the data collection. In ecology, the species-area curve concept predicts 
that, at local levels, the number of species increases proportionally with the area increase (Rice and 
Kelting, 1955). The data were subsequently standardised by site area, calculating scores as a ratio 
100m¯². This standardisation effectively placed greater emphasis on the variation between site 
characteristics in terms of genera richness and structural diversity. Accordingly, the biodiversity-area 
ratio scores in Table 4 show a coefficient of variation of 0.59 (as opposed to the coefficient of 0.23 in 
the original scores). 
 
Table 4 Site biodiversity-area ratio scores 
 
 
 
 
 
 
 
 
 
 
 
Community participation 
Data collected on monthly volunteer hours invested in each site along with information pertaining to 
site access and setting are presented in Table 5. 
 
Table 5 Case study site access 
 
 
 
 
 
 
The green space 
type that 
displayed the 
highest values in 
terms of 
voluntarism was 
community 
allotment, 
followed closely by community garden. Community orchards showed the highest variation in 
volunteer hours 100mˉ² and scored lowest overall. There was considerable variation in data collected 
for the number of volunteer hours associated with each site. Data on volunteer hours per month at 
sites which allowed free public access appeared to be lower than those where access was limited. 
Sites were grouped according to level of access (public, limited and private) and, based on these 
criteria, entered into a one-way ANOVA to compare mean volunteer hours per month. The ANOVA 
model revealed significant group mean differences (F(2) = 19.798; p = 0.001), with post-hoc testing 
(Games-Howell) showing significantly lower mean values for sites with public access compared to 
those where access was limited (mean difference = 195 ±86 hours month¯¹; p = 0.001). Sites 
Site Biodiversity-area ratio Type mean Type cv 
CG1 2.14 
 
 
CG2 1.63 2.21 0.28 
CG3 2.86 
 
 
CA1 2.84 
 
 
CA2 3.08 3.19 0.13 
CA3 3.65 
 
 
CO1 1.63 
 
 
CO2 1.21 3.23 0.97 
PP1 6.05 
 
 
PP2 6.91 6.48 0.09 
Site Volunteer hours 
month¯¹ Access 
Security/perimeter 
fencing 
CG1   40 Public access Yes 
CG2 288 Limited access Yes 
CG3 200 Private Yes 
CA1 220 Limited access Yes 
CA2 300 Limited access Yes 
CA3 200 Limited access Yes 
CO1   20 Public access No 
CO2   80 Public access No 
PP1 150 Private Yes 
PP2 210 Limited access Yes 
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providing limited access likewise scored highest overall for the case study in terms of volunteer hours 
per month (mean = 242 ±49). As with the biodiversity assessment, the data relating to volunteer 
hours monthˉ¹ were adjusted by creating a ratio of these values 100mˉ². The results of this 
conversion are presented in Table 6. 
 
Table 6 Site levels of voluntarism monthˉ¹ 100m¯² 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The values for monthly voluntarism, standardised by site area, show a significant increase in variation 
from the original values in Table 5 with a coefficient of variation of 0.82. 
 
To gain an understanding of the influence of volunteer effort on biodiversity potential, a linear 
regression was performed with volunteer input, measured in hours month⁻¹ 100m⁻², as the predictor 
variable. The relationship is visualised in Figure 3. 
 
Figure 3 Effect of volunteer effort on biodiversity area ratio 
Note: p < 0.001. 
 
According to the regression analysis, site volunteer input accounted for 93% of the variation in site 
biodiversity potential. With a beta coefficient of 0.923, the equation predicts that, for the case study 
scenario, every hour increase a day in volunteer effort 100m¯² was associated with a corresponding 
Site 
Volunteer hours 
monthˉ¹ 100m¯² 
Type mean Type cv 
CG1 25.64 
 
 
CG2 19.61 27.11 0.31 
CG3 36.07 
 
 
CA1 24.53 
 
 
CA2 44.62 34.69 0.29 
CA3 34.92 
 
 
CO1   2.20 
 
 
CO2   4.96   3.58 0.54 
PP1 74.42 
 
 
PP2 98.16 86.29 0.19 
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BAR increase of 1.83. In terms of vascular plant richness, the same increase in volunteer effort 
accompanied an increase of 8 genera for the same unit area on the predicted baseline value (i.e. no 
volunteer effort) of approximately 2 genera 100m⁻².  
 
Discussion 
Previous research has already demonstrated the positive links between green space use and human 
well-being (e.g. Bird, 2007; Coutts, 2010; 2011) with horticultural activities proving particularly 
effective in this regard (Hynes and Howe, 2004; Pudup, 2008, Alaimo et al., 2008; Kazmierczak et al., 
2013). Likewise biodiversity and nearby nature have been posited as significant boons to human 
health in urban settings (Kaplan, 1995; Jackson, 2003; Maas et al., 2006; Maller et al., 2006; Gidlӧf-
Gunnarsson and Ӧhrstrӧm, 2007). Hitherto, however, and despite claims in the literature supporting 
the merits of civil ecological movements (Ernstson et al., 2010; Krasny and Tidball, 2012; Colding and 
Barthel, 2013), no positive link between levels of use and species richness  of urban green space had 
been clearly delineated (Krasny et al., 2014; Fors et al., 2015). The research presented here provides 
evidence for such a link specifically that between user participation and urban biodiversity.  
 
As such, community participation in local management of green commons offers one means by 
which the usually accepted trend of decreasing  species diversity associated with urbanisation 
(Niemelä et al., 2002; Marzluff, 2008; McDonnell and Hahs, 2008) can be redressed. In this sense, the 
findings of this research echo those in recent literature which have championed the value of urban 
domestic gardens as comprising important ecological networks which may make significant 
contributions to urban biodiversity conservation (Smith et al., 2006; Davies et al., 2009; Goddard et 
al., 2010; Goddard et al., 2013). The contribution of community gardening initiatives to such 
ecological networks carries with it the added potential for the creation and strengthening of social-
ecological networks which, if acknowledged by agencies at higher levels of governance, could 
contribute to the resilience of urban resource management.  
 
Levels of community-led ecological participation associated with increasing biodiversity potential in 
pockets of urban green space (see Figure 3) suggest that synergistic benefits are indeed possible for 
human–nature relationships in urban areas. The significance of this relationship goes beyond a 
simple linear relationship between community involvement in urban green space management and 
the biodiversity to be found within such spaces. The potential for wider positive feedbacks associated 
with this relationship may be significant, given the importance of biodiversity for urban ecosystem 
services and human well-being (Niemelä et al., 2010; Kaczorowska et al., 2015; Sandifer et al., 2015; 
Speak et al., 2015). By revealing a co-occurrence in levels of stakeholder involvement and 
biodiversity, this work provides an example of how civic ecological action can fulfil two of the key 
tenets shared by both the Ecosystem Approach and the Millennium Ecosystem Assessment: the 
centrality of biodiversity for human well-being and the decentralisation of natural resource 
management. Powered by stakeholder involvement, the magnitude of which (measured in volunteer 
hours) being directly proportional to the biodiversity measure, the civic ecological practices 
presented here provide a working example of how positive social-ecological feedbacks may be 
achieved.  
 
The occurrence of such feedbacks, as observed in this case study, may be significantly mediated by 
public green space design. Specifically, biodiversity measures were influenced by site accessibility, as 
a function of the latter’s bearing on levels of user participation (Table 5/Figure 3).  
Site-specific factors related to accessibility appeared to influence levels of volunteer input at the 
case-study sites. Level of site access in particular was effective in delineating sites in terms of 
volunteer input with a moderate degree of limitation to public access appearing to be optimal for 
user participation (see Table 5). The data presented in Table 5 and subsequent ANOVA based on site 
access type revealed that sites with free “public” access exhibited much lower levels of voluntarism 
monthˉ¹ compared to those with “private” and, particularly, “limited” access. Therefore, the effect of 
security and access on voluntarism was clearly borne out with sites surrounded by secure perimeter 
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fencing and employing a limited schedule of public access achieving a greater total number of 
volunteer hours. Accordingly, pocket parks, consisting of the lowest total area, and with limited 
access, exhibited the highest values for volunteer hours monthˉ¹ 100mˉ² (see Table 6). 
 
The latter observation also highlights another salient feature of the case study site assessments: that 
relating to site size. Standardising the data on volunteer effort monthˉ¹ by site area, as values 
100mˉ², revealed that those larger sites in the case study were associated much lower voluntarism. 
This effect was underlined by the fact that sites in the study with total areas above 1000m² achieved 
the lowest scores for volunteer hours monthˉ¹ 100mˉ² (see Table 6). This effect is not surprising, 
given that larger sites would naturally require greater management resources, which, in the form of 
volunteering effort, are only available in finite proportions within user groups. The community 
orchard sites in particular exhibited low values for volunteer hours standardised by site area. The size 
and location of these sites dictated that they did not feature any sort of perimeter security, and 
access was freely available to the public. Furthermore, sites were located necessarily where large 
amounts of green space were available, namely in or near municipal parks, recreational land and 
local nature reserves. This state of being “out-of-the-way” of some sites may explain to some degree 
why they are under-used, under-developed in terms of on-site amenities and have a smaller 
volunteer base than other sites.  Although site access has been proposed as an issue that affects the 
management and sense of place associated with community-managed spaces (Kurtz, 2001), the data 
presented in this paper have addressed a lack of understanding concerning the physical factors 
affecting stakeholder involvement in urban green commons.  
 
Another factor affecting community participation may stem from the activities which take place at 
each site. Community orchards are generally managed with much less intensity than gardens and 
allotments. Orchards involve a comparatively minimal amount of environmental engineering and, 
therefore there may simply be less opportunity for physical activity due to their design. That said, a 
greater number of volunteer hours month¯¹ were recorded at CO2 than at CO1 by a factor of four. 
This is likely due to the forest garden approach of CO2, a management style which involves greater 
structural complexity and maintenance requirements than the more traditional methods adopted at 
CO1. Similarly, allotments and community gardens, which combine areas designated for food 
production and other horticultural activities with recreational and communal spaces, require more 
intensive maintenance. Therefore, incorporating a greater degree of complexity and multi-
functionality in the design of community orchards could significantly increase user participation. In 
this regard, the findings echo those of previous studies into the character of smaller community-
managed gardens versus larger, more accessible green spaces:  Francis (1981) concluded that such 
gardens offer a greater degree of interaction through, primarily horticultural, physical activity. That 
structural complexity, and associated management intensity, offers a basis for greater volunteer 
involvement has implications for user participation, well-being and the generation of local 
biodiversity and associated ecosystem services.  Increased management requirements offer 
opportunities for participation with the resulting physical activity through horticultural and site 
maintenance promoting participant health (Hynes and Howe, 2004; Alaimo et al., 2008). In turn, as 
demonstrated here, site biodiversity levels grow proportional to volunteer input and, given the 
primacy of horticultural activity in community-managed spaces, productivity in terms of food 
provision may also be a key gain from more intensively managed communal spaces.         
 
The impact of site size in particular on access, volunteer input and associated biodiversity levels 
would benefit from further research. That species richness is influenced by habitat size is well 
documented in ecological research (Rice and Kelting, 1955; Rosenzweig, 1995), but that there exists a 
parallel between the “colonisation” of green space by species and that by environmental volunteers 
is a new proposition. This aspect is worthy of further investigation given the interrelated nature of 
the biodiversity, use and access related to urban green space. Increasing the body of case studies on 
the effect of site area on user participation, species richness and the wider production of ecosystem 
services may reveal important trends related to species-area relationships and site size-productivity. 
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The positive association between voluntarism and biodiversity and the relatively lower levels of 
activity observed at larger sites has implications for the planning of green space at the city scale. 
Previous studies have highlighted the biodiversity of other micro-habitats such as urban domestic 
gardens (Thompson et al., 2003) and the contribution which they may make to ecological resilience 
in the wider landscape (Colding, 2007). The work presented here likewise supports the positive 
contribution of micro-habitats which, as a function of their use and multi-functionality, exhibited 
higher levels of species richness than did larger sites. The implication is therefore that networks of 
smaller community-managed spaces may support greater levels of both stakeholder stewardship 
and, as a result, species diversity than larger bodies of green space. User participation in green space 
production, if encouraged and implemented into green networks within cities could thereby provide 
highly desirable positive feedbacks in terms of human and environmental health and resilience.  
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